Paraptenodytes antarcticus is one of the best-known and most complete fossil penguins. This taxon is so distinctive that it has traditionally been classified in its own subfamily (Sphenisciformes: Paraptenodytinae) separate from all living penguins (Spheniscinae). The well-preserved partial skull of P. antarcticus is one of our richest sources of data on early penguin cranial morphology. We provide an updated description of the skull of P. antarcticus in a comparative context and use this information to explore the phylogenetic relationships of this taxon. Three cladistic analyses using an osteology dataset, a larger morphological dataset (including osteological, soft tissue, behavior, and oological characters) and a combined (morphological + molecular) dataset all recover Paraptenodytes as the sister taxon to a clade including all extant penguins. The placement of Paraptenodytes outside the crown clade of extant penguins reveals the order in which many spheniscid synapomorphies were acquired and lends support to the hypothesis that modern penguins had Subantarctic ancestors.
INTRODUCTION
Paraptenodytes antarcticus (Moreno and Mercerat, 1891 ) is a fossil penguin from the Early Miocene of Patagonia. The most complete specimen of this taxon, AMNH 3338, comprises the cranium, mandible, and much of the postcranial skeleton. Such preservation is highly unusual among fossil penguins, the majority of which are known only from a few isolated postcranial elements. At the time of its discovery, AMNH 3338 was the most wellknown fossil penguin and the only specimen with a reasonably complete skull. In the decades since Simpson (1946) described the specimen, several new sphenisciform skulls have been unearthed (Marples, 1960; Stucchi, 2002; Stucchi, 2003 ; Acosta Hospitaleche and Canto, 2005; Slack et al., 2006 ), but that of AMNH 3338 remains one of the most important, particularly given its unique morphology. The skull preserves a mixture of putatively primitive characters, synapomorphies shared with extant penguins, and features unique to Paraptenodytes. Simpson (1946) described the most important features of the cranium of AMNH 3338 and compared the postcranial elements to those of other fossil and living penguins. He considered Paraptenodytes so different from other penguins that he erected a new subfamily (Paraptenodytinae) to accommodate it. This subfamily was accepted by subsequent workers including Marples (1962) and Brodkorb (1963) , but Simpson (1976) later considered formal division of penguins into subfamilies unfeasible given available information. Regardless, these classifications were all precladistic, and the relationships of Paraptenodytes have never been investigated in a phylogenetic context. Simpson (1946) described AMNH 3888 in a landmark contribution to the study of fossil penguins. Though Simpson's comparison of the postcranium with other fossil and living penguins was thorough, his description of the skull was quiet brief and neglected many key features. In light of the recent resurgence of interest in penguin relationships (e.g., Giannini and Bertelli, 2004 In this contribution, we provide a thorough redescription of the cranium and mandible of AMNH 3338 in a comparative context. We scored AMNH 3338 using the dataset of Bertelli and Giannini (2005) , which included a dense outgroup and all living penguin species. On the basis of a cladistic analysis of the modified character set consisting of 159 morphological and behavioral characters and sequence fragments from two mitochondrial genes (12S and cytochrome b), we propose a phylogenetic placement for Paraptenodytes and examine the implications of this fossil in the biogeographic history of the penguin clade.
METHODS
OSTEOLOGICAL DESCRIPTION: We provide here a complete redescription of the skull of Paraptenodytes antarcticus AMNH 3338. Anatomical nomenclature follows Baumel et al. (1993) except when noted. The Latin terminology used by Baumel et al. (1993) is retained for muscles and ligaments, and osteological structures are described with English equivalents of the Latin terms (although the Latin equivalent is also given).
TAXA: The most complete specimen of Paraptenodytes antarcticus (AMNH 3338: Figures 1-21 ), includes an incomplete skull (see below), nine vertebrae (atlas, axis, presumed 6th, 8th, 11th, and 13th cervicals, and first three dorsals), the right anterolateral margin of the sternum, the cranial ends of the both scapulae, both coracoids, both humeri, the proximal end of the right and distal end of the left femur, the proximal end of the right and distal end of the left tibiotarsus, and the near complete left and partial right tarsometatarsi. Other referred specimens assigned to P. antarcticus do not contribute additional elements with certainty (Simpson, 1946) . We included AMNH 3338 in a cladistic analysis with the same taxonomic representation as Bertelli and Giannini (2005) , which included 11 outgroup taxa from representative Gaviiformes (Gavia stellata) and Procellariiformes (Dioemedea melanophrys, Phoebetria palpebrata, Macronectes giganteus, Daption capense, Pterodroma incerta, Puffinus gravis, Procellaria aequinoctialis, Pachyptila desolata, Oceanites oceanicus, Oceanodroma leucorrhoa, and Pelecanoides urinatrix), as well all 17 currently recognized extant penguin species and one distinct subspecies (Aptenodytes forseri, A. patagonicus, Eudyptes chrysocome chrysocome, E. chrysocome moseleyi, E. chrysolophus, E. pachyrrhynchus, E. schlegeli, E. sclateri, E. robustus, Eudyptula minor, Megadyptes antipodes, Pygoscelis adeliae, P. antarctica, P. papua, Spheniscus demersus, S. humboldti, S. magellanicus, and S. mendiculus).
CHARACTERS: Bertelli and Giannini (2005) generated a matrix of 159 characters from the osteology (70 characters), myology (15) , digestive tract (1), integument (66), and breeding traits including behavior and oology (7 characters) of extant penguins. They also compiled published sequences from the 12S rDNA and cytochrome b (see GenBank Accession numbers and sequence representation in Bertelli and Giannini, 2005) . To that dataset (with the addition of one osteological character modified from Mayr, 2005) , we incorporated the applicable scorings obtained from Paraptenodytes antarcticus AMNH 3338 (see Results and Discussion below). The modified character list is given in Appendix 2.
CLADISTIC ANALYSES: We conducted three separate analyses. First, we ran a parsimony analysis using only the osteological characters from the morphological dataset. We ran 200 replications (saving up to 10 trees per replication) followed by TBR branch swapping and an extra TBR round on each of the optimal trees. We then ran a second analysis using the same search strategies but incorporating the entire morphological dataset (including soft tissue and breeding characters). For both morphological analyses we used the program TNT (Goloboff et al., 2004) . Third, we conducted a combined analysis of molecular + nonmolecular data using the method of Direct Optimization (DO; Wheeler, 1996) . In this approach, the transformation cost of unaligned sequences on a topology is calculated by way of optimization. At any given internal node of a candidate tree, a hypothetical ancestral sequence is created on the basis of the sequence of the two descendants, optimally inserting gaps whenever descendants differ in sequence length, and simultaneously accounting for substitutions. Costs of each transformation type (indel or substitution) are established a priori. According to these costs, the length of the tree is calculated as the sum of transformations on each internal node implied in the downpass optimization of the tree. The tree or trees that minimize this total cost are chosen. In practice, this is done by way of tree building and branch swapping; that is, examining a large number of candidate trees from many different starting points-just as in conventional parsimony analysis. Such searches were run in the program POY 3.0.11 . We followed the search strategy of Giannini and Simmons (2003) , also used in the combined analysis of penguins on which the present dataset is based (Bertelli and Giannini, 2005) . Briefly, the molecular morphological data were optimized together in each candidate tree generated from 200 independent builds using random addition sequence of taxa (RAS). The optimal trees from each such replication were submitted to tree fusing (Goloboff, 1999) . The parsimony ratchet (Nixon, 1999) was also employed, starting from topologies yielded from the previous stages (see details in Giannini and Simmons, 2003) . Iterative pass optimization (IPO; Wheeler, 2003) was applied in all search stages. Bremer support values were calculated as implemented in POY .
DESCRIPTION THE SKULL OF PARAPTENODYTES ANTARTICUS
The preserved portions of the skull of Paraptenodytes antarcticus AMNH 3338 include the braincase, caudal and dorsal parts of orbit, occiput, left and right otic regions, basicranium, right quadrate, articular end of the right mandible, and a fragment of the left mandibular ramus. The exact size of the skull is uncertain because of incompleteness. The cranium is 80 mm in length as measured between the prominentia cerebellaris and the rostral preserved portion of the frontal. The distance between external borders of the fossae g. nasalis (interorbital area) is 16 mm. The width at the zygomatic processes is 62 mm.
FRONTAL REGION, ORBIT, AND TEMPORAL REGION: AMNH 3338 retains most of the interorbital region and frontals ( fig. 1 ). In the caudal part of the frontal region, a shallow depression (depressio frontalis) separates the two slight prominences. In extant penguins, this depression is part of a continuous and shallow longitudinal concavity, whereas in Paraptenodytes, the caudal depression is clearly separated from the slightly depressed interorbital area. The supraorbital margins of the frontals preserve the salt-gland fossa ( fossa glandulae nassalis), but as Simpson (1946) noted, they lack the supraorbital shelf of the frontal (supraorbital ridge of Pycraft, 1898) that bounds the salt gland laterally in some penguins. Ventrally, a small portion of the mesethmoid remains attached to the frontals ( fig. 2) . The foramina n. olfactorii open into grooves along the ventral surfaces of the frontals on either side of the mesethmoid ( fig. 3) . The caudal wall of the orbit is not perforated by fonticuli orbitocraniales. One of the most notable differences with respect to living penguins in this region of the skull is the configuration of the origin of the m. pseudotemporalis superficialis on the area muscularis aspera (orbital surface of the laterosphenoid; fig. 4 ). The origin in Paraptenodytes is clearly divided into two separate surfaces by a longitudinal crest, creating a ventral surface situated on the caudal wall of the orbital cavity and a dorsal surface bounded by the processus postorbitalis and the caudal margin of the saltgland fossa. In contrast, a single attachment surface occupies this entire region in extant taxa. The ventral portion of the attachment site is much deeper in the fossil than any living form. At the base of the caudal wall of the orbit, the borders of the foramen opticum are irregular in outline, and the foramina ethmoidale are intact. Simpson (1946) observed that the temporal fossae (fossae temporales) were strongly developed, extending dorsally almost to the sagittal plane and squarely abutting a longitudinal crest ( fig. 1 ). Strong development of the temporal fossa is seen in all known fossil penguin skulls (e.g., Marplesornis novaezealandiae [Marples, 1960] from Antarctica [Ksepka and Bertelli, in press], Spheniscus urbanai [Stucchi, 2002] , and S. megarhamphos [Stucchi et al., 2003] ). However, among living taxa, only Spheniscus approaches this degree of development. The left and right temporal crests (cristae temporales) closely approach one another between the temporal fossae, forming an extended sagittal crest (crista nuchalis sagitalis). The temporal crest reaches rostrally onto the base of the postorbital process ( processus postorbitalis), preserved on the right side. This crest contacts the transverse nuchal crest (crista nuchalis transversa) at a nearly right angle. The transverse nuchal crest is nearly perfectly aligned to the coronal plane in Paraptenodytes, whereas in other living and fossil penguins this crest curves posterolaterally. Ventrally, the tranverse nuchal crest divides in two segments; the rostral segment extends to the zygomatic process (processus zygomaticus) and the caudal segment extends to the paroccipital process (processus paroccipitalis) ( fig. 2) . The subtemporal fossa ( fossa subtemporalis, origin of m. depressor mandibulae) is located ventrally between the rostral and caudal divisions of the transverse nuchal crest ( fig. 5 ). This fossa is deeply excavated in Paraptenodytes, contrasting with the nearly flat surface seen in living penguins.
OCCIPUT, CRANIAL BASE, AND MIDDLE EAR: Simpson (1946) described the subcircular shape of the cranium in posterior view ( fig. 5 ). This shape is caused primarily by the caudolateral arching of the dorsal and lateral borders of the transverse nuchal crest. The crest arches more sharply ventrally in living forms, giving the skull a more rhomboid outline. The paroccipital process is bifid, with a ventral and a dorsolateral projection. Simpson (1946) noted the uniqueness of this structure compared to the blunt, undivided Fig. 2 . Skull of Paraptenodytes antarcticus (AMNH 3338) in lateral view. Abbreviations: ap, foramen for the arteria palatina; ccc, canalis caroticus cranialis; cnt, crista nuchalis transversa; cqo, cotyla quadratica squamosi; fng, foramen n. glossopharyngealus; fnm, foramen nervi maxillomandibularis; fnv, foramen nervi vagi; ft, fossa temporalis; m, os mesethmoidale; msc, attachment area for the medial part of m. splenius capitis; pc, prominentia cerebellaris; pp, processus paroccipitalis; pz, processus zygomaticus; rp, rostrum parasphenoidale; sr, supraorbital ridge; tb, tuberculum basilare. Scale bar 5 1 cm.
paroccipital process of other fossil and living penguins. The borders of the process are thicker in Paraptenodytes than in extant taxa. Dorsolateral to this structure, and adjacent to the transverse nuchal crest, there is a small fossa that corresponds to the location of the foramen rami occipitalis arteriae ophthalmicae externae (best observed on the left side). The cerebellar prominence (prominentia cerebellaris) is relatively smaller in Paraptenodytes than in any living form (Simpson, 1946) . A slight median crest (crista nuchalis sagittalis) surmounts the dorsal surface of the cerebellar prominence, a feature also developed in extant Spheniscus. In Paraptenodytes, the crista nuchalis sagittalis is clearly confluent with the crista nuchalis tranversa. On either side of the prominence and on the posterior surface of the paroccipital process, there are depressed circular areas that we interpret as the surfaces for the attachment of the m. splenius capitis. Both are deeper than in any recent form (especially the surface on the paroccipital process). The venae occipitalis externae exits through a small foramen on either side of the foramen magnum, lateral to the paroccipital process (preserved on the left side). This foramen is expanded into a sulcus in some extant penguins.
The occipital condyle (condylus occipitalis) is circular in shape. Anterior to the condyle is a deep, sharply defined subcondylar fossa ( fossa subcondylaris) (Simpson, 1946) . The opening for cranial nerve XII ( foramen nervi hypoglossi) is preserved lateral to the condyle Fig. 5 . Skull of Paraptenodytes antarcticus (AMNH 3338) in occipital view. Abbreviations: cns, crista nuchalis sagittalis; cnt, crista nuchalis transversa; co, condylus occipitalis; dpp, dorsolateral projection of the processus paroccipitalis; fnh, foramen nervi hypoglossi; fm, foramen magnum; fro, foramen rami occipitalis arteriae ophthalmicae externae; fst, fossa subtemporalis; ft, fossa temporalis; fv, foramen nervi vagi; msc, attachment area for the m. splenius capitis; pc, prominentia cerebellaris; po, processus postorbitalis; pp, processus paroccipitalis; tb, tuberculum basilare; voe, foramen venae occipitalis externae; vpp, ventral projection of the processus paroccipitalis; zp, processus zygomaticus. Scale bar 5 1 cm. r cotyla quadratica otici; cqs, cotyla quadratica squamosi; dpp, dorsolateral projection of processus paraoccipitalis; et, tuba auditiva; fng, foramen nervi glossopharyngealus; fnv, foramen nervi vagi; fnm, foramen nervi maxillomandibularis; fpd, foramen pneumaticum dorsale; ft, fossa temporalis; lpa, lamina parasphenoidalis; mps, attachment area for m. pseudotemporalis superficialis; oce, ostium canalis ophthalmici externi; po, processus postorbitalis; pp, processus paroccipitalis; rp, rostrum parasphenoidale; sf, fossa subcondylaris; ta, tuba auditiva communis; tb, tuberculum basilare; tc, tympanic cavity (Saiff, 1976) ; vpp, ventral projection of the processus paraoccipitalis; zp, processus zygomaticus. Scale bar 51 cm. on both sides. The concave and rhombic parasphenoid plate (lamina parasphenoidalis) has a pair of blunt and weak basal tubercles (tuberculum basilare) at its caudal corners. Simpson (1946) described the tubercles as low, but both are incomplete, so their degree of development is uncertain. The medial process of the mandible articulates with a capping pad on the lateral process of the parasphenoid plate (basitemporal articulation of the mandible; Bock, 1960) . The eustachian tubes (tubae auditivae) traverse the rostrolateral border of the parasphenoid plate enclosed in a bony canal and open at the base of the rostrum parasphenoidale. The opening of the eustachian tubes in the otic cavity is not visible because the middle ear region is filled with sediment ( fig. 6 ). The squamosal and otic cotylae (cotylae quadratica squamosi et otici) are clearly separated from the foramen pneumaticum dorsale. Medial to the otical cotyle, a large foramen nervi mandibullaris is situated just anterior to the tympanic cavity. Pycraft (1898) and Saiff (1976) described the morphology of this region in living penguins. Posterior to the tympanic cavity, the openings for cranial nerves IX ( foramen nervi glossopharyngealis) and X ( foramen nervi vagi) are located in a poorly developed metotic process as described by Saiff (1976) in living penguins. The foramen nervi vagi is large and opens medial to the smaller foramen nervi glossopharyngealis. The canalis caroticicus cranialis and canalis ophthalmicicus externus are fully ossified, as in living penguins (Saiff, 1976) .
PTERYGOID: The pterygoid of Paraptenodytes ( fig. 7 ) is so different from that of living penguins that Simpson (1946:12) noted that, ''[i]f the pterygoid … had been found isolated it would never have been considered spheniscid but perhaps procellariiform'' (cf. fig. 7 and fig. 7 in Bertelli and Giannini, 2005) . The most obvious difference between Paraptenodytes and living penguins is the lack of expansion of the anterior portion of the pterygoid (pes pterygoidei) in the fossil. The pes pterygoidei is expanded laterally into a thin plate in all living penguins, giving the bone a subtriangular shape. Marplesornis also exhibits widened pes pterygoidei (Marples, 1960) , but the degree of expansion is much less than that in extant penguins. In Paraptenodytes, a tablike process projects medially about one-third of the bone's length from the anterior end. This feature is not seen in living penguins or Marplesornis. Simpson (1946) noted that the position of this process would suggest it was part of a basipterygoid articulation, were it not for the absence of a corresponding articular surface on the parasphenoid rostrum. He speculated that this process possibly represented a nonosseus connection between the pterygoid and parasphenoid. A shallow, subcircular fossa is located at the posterior border of the base of the process. Two small articular Abbreviations: cqo, cotyla quadratica otici; cqs, cotyla quadratica squamosi; dpp, dorsolateral projection of processus paroccipitalis; et, tuba auditiva; fng, foramen nervi glossopharyngeus; fnv, foramen nervi vagi; fnm, foramen nervi maxillomandibularis; fdp, foramen pneumaticum dorsale; lpa, lamina parasphenoidalis; mt, metotic process (Saiff, 1976) ; oc, condylus occipitalis; occ, ostium canalis carotici; oce, ostium canalis ophthalmici externi; tb, tuberculum basilare; tc, tympanic cavity (Saiff, 1976) ; vpp, ventral projection of the processus paraoccipitalis; zp, processus zygomaticus. Scale bar 5 1 cm.
surfaces, one for the parasphenoid rostrum ( facies articularis parasphenoidalis) and one for the palatine ( facies articularis palatina) are present at the anterior end of the pes pterygoidei. At the caudal end of the pterygoid, a rounded cotyla ( facies articularis quadratica) serves as the articulation with the condylus pterygoideus of the quadrate. Dorsal to this cotyle, a facet forms a second articulation with the quadrate at the base of the orbital process.
QUADRATE: The right quadrate is complete (figs. 8 and 9). The quadrate was reattached to the mandible following Simpson's (1946) description, but most of the morphology remains observable. Simpson (1946: 12) provided only a few brief remarks on the general structure of the quadrate, noting it is ''more stoutly constructed with a longer otic process than in any recent species.'' On the articular surface of the otic process ( processus oticus), a sligthly larger squamosal capitulum (capitulum squa- (Hofer, 1950) ; pcm, ramus mandibulae, pars caudalis; por, processus orbitalis; pot, processus oticus; pr, processus retroarticularis. Scale bar 5 1 cm. mosum) projects farther dorsally than the otic capitulum (capitulum oticum). The intercapitular incisure (incisura intercapitularis) is shallow ( fig. 8) , whereas in the living penguins the capitula are separated by a deep incisure. In lateral view ( fig. 9 ), the squamosal capitulum extends ventrally in a prominent hooklike tubercle for the attachment of the pars profunda of the m. adductor mandibulae externus (Hofer, 1950) . In living penguins, this process is clearly separated from the squamosal capitulum. As noted by Simpson (1946) , the orbital process (processus orbitalis) is longer than the otic process, the reverse of the condition found in living penguins. The lateral crest (crista lateralis of Elzanowski et al., 2000) for attachment of the tympanic membrane is sharp and extends from the lateral border of the squamosal capitulum to the quadratojugal cotyla (cotyla quadratojugalis) ( fig. 8 ). Adjacent to this crest, an impression located on the lateral side of the otic process near its transition to the body of the quadrate marks the probable attachment of the medial (deep) layers of the m. protractor pterygoidei et quadrati (Elzanowski et al., 2000) . There is no evidence of a medial crest (Fuchs, 1954; Elzanowski, 1987) fig. 9) . In lateral view, the base of the process is ventrally connected to the quadratojugal articulation by a distinctive orbitocotylar crest (Elzanowski et al., 2000) ending on the surface of the quadrate body just before the quadratojugal cotyla ( fig. 8 ). The orbitocotylar crest and the ventral margin of the orbital process enclose a deep groove. The pterygoid condyle (condylus pterygoideus) is a round, knoblike process with a constricted base; it projects more anteromedially than the medial condyle (condylus medialis) ( fig. 9) . A pterygoid facet is located medially at the base of the orbital process ( fig. 9 ). The quadratojugal articulation is a deep, rounded socket ( fig. 8 ). Its caudal margin projects laterally well past the other surface of the rim. There is no sign of pneumatic foramina on the quadrate. The medial and caudal mandibular condyles (condylus medialis and condylus caudalis) are obscured by the attached mandible.
MANDIBLE: Three portions of the mandible are preserved in AMNH 3338: the articular ends of the right and left mandible and a fragment of the left mandibular ramus (figs. 9, 10, and 11). Simpson (1946) commented on very few aspects of the mandibular morphology. He described the quadrate articulation, noting its resemblance to Pygoscelis among living penguins. Also, he described the morphology of the ''postarticular'' bone, in particular the medial and ''posterior'' processes, as the greatest distinction of the fossil mandible. Finally, he mentioned that because the mandibular ramus was so crushed, its anatomy and identification were uncertain. However, the incomplete mandible does provide significant information and further comment is warranted. Abbreviations: cl, cotyla lateralis; cm, cotyla medialis; pm, processus medialis mandibulae; pr, processus retroarticularis. Scale bar 5 1 cm. Fig. 11 . Fragment of the left mandibular body of Paraptenodytes antarcticus (AMNH 3338) in medial view. Abbreviations: facn, fossa aditus canalis mandibulae; fcm, fenestra caudalis mandibulae; osa, os supraangulare; osp, os prearticulare; pc, processus coronoideus. Scale bar 5 1 cm.
The lateral and medial cotylae (cotylae lateralis et medialis) are well preserved on the articular area of the left mandible ( fig. 10) . The positions and shapes of the cotylae are in general similar in dorsal view to those in living penguins; we attribute apparent differences of the medial cotyla to breakage along the anteromedial margin. The most notable difference in Paraptenodytes is that the anterior and posterior margins of the lateral cotyla are more sharply projected. The fossa adjacent to the lateral cotyla is also deeper than in living penguins. As noted by Simpson (1946) , there is no clear separation of the medial and retroarticular processes of the articular ( processus medialis mandibulae and processus retroarticularis). The medial process is not projected and lacks the hooklike shape typical of all living penguins. The retroarticular process is wider and less projecting than in extant taxa, and the caudal fossa ( fossa caudalis) is shallower. In living penguins, the medial and retroarticular processes are connected by a thin sheet of bone. The edge of this sheet of bone is a thin crest in living taxa, but is greatly thickened in Paraptenodytes. A wide groove separates the medial process from the medial cotyla. The depression for the insertion of the m. pterygoideus on the medial surface is extremely deep, much more so than in any living taxon. The features discussed above are also clear on the right mandible, except the cotylae are obscured by the articulated quadrate.
The lateral surface of the mandibular ramus is broken ( fig. 11) . In medial aspect, portions of the surangular (os supra-angulare), and prearticular (os prearticulare) are preserved. The caudal mandibular fossa ( fossa aditus canalis neurovascularis) is large, as in other penguins. The caudal mandibular fenestra ( fenestra caudalis mandibulae) is identifiable, but its borders are enlarged by breakage, so its true size is uncertain. The coronoid process ( processus coronoideus) is weakly developed. The process must have been either posterior to or level with the caudal mandibular fenestra, though the exact position is uncertain. The prearticular lines the medial surface of the mandible, but the regions adjacent to the surangular and the caudal mandibular fossa are broken away. Dorsally the prearticular is broken away, exposing the surangular in medial view.
SCORING OF PARAPTENODYTES
Thirty osteological characters from Bertelli and Giannini (2005) and one additional character from Mayr (2005) could be scored in Paraptenodytes antarcticus AMNH 3338. A discussion of this scoring follows.
Character 73: Basioccipital, subcondylar fossa (os basioccipitale, fossa subcondylaris): absent or shallow (0); deep (1). All extant penguins lack a distinct subcondylar fossa. The alternative condition-a deep fossa-is present in most outgroup taxa. Paraptenodytes exhibits a deep subcondylar fossa ( fig. 4) . Simpson (1946:11) noted this character state in AMNH 3338. This is one of the characters that contribute to place this form at the base of the penguin subtree (see below).
Character 74: Supraoccipital, paired grooves for the exit of the v. occipitalis externa (os supraoccipitale, sulci venae occipitalis externae): absent or poorly developed (0); deeply excavated (1). This structure is apparently not preserved in the right side of AMNH 3338. In the left side ( fig. 5 ), the groove is inconspicuous (state 0), and the foramen for the v. occipitalis externa is placed lateral and adjacent to the foramen magnum.
Character 75: Frontal, salt-gland fossa (os frontale, fossa glandulae nasalis), lateral supraorbital shelf of bone: absent (0); present (1) . Paraptenodyptes lacks the lateral supraorbital shelf of the frontal (state 0; fig. 1 ) that bounds the salt gland laterally in some other penguins (state 1). The fossil AMNH 3338 allows for a positive scoring of this character, as the postorbital process on the left side appears complete and without the rostral extension that is associated with the shelf in the forms that possess it. Also, the salt-gland fossa (supraorbital groove of Simpson, 1946) is very narrow instead of expanded medially and laterally as when the shelf is present.
Character 76: Squamosal, temporal fossa (os squamosum, fossa temporalis), size: less extensive, both fossae separated by considerable cranial surface (at least the width of the cerebellar prominence) (0); more extensive, fossae meeting or nearly meeting at midline of the skull (1). Paraptenodytes resembles Spheniscus in that the temporal fossa is deep and extends dorsally to midsagittal line (state 1; Simpson, 1946) . The fossa is so excavated dorsally that a tall sagittal line is present ( fig. 1 ).
Character 77: Squamosal, temporal fossa (os squamosum, fossa temporalis), depth of posterior region: flat (0); shallowly depressed (1); greatly deepened (2). Paraptenodytes shares a temporal fossa greatly deepened posteriorly (state 2; fig. 2 ) with several extant genera (except Aptenodytes and Pygoscelis; state 1).
Character 79: Orbit (orbita), fonticuli orbitocraniales: small or vestigial (0); broad and conspicuous (1) . These openings in the caudal wall of the orbit communicate with the cranial cavity. They are invariably present and comparatively very large in Aptenodytes (state 1). In Paraptenodytes, the fonticuli are missing altogether, as in several old specimens of extant genera that possess small fonticuli (state 0).
Character 86: ''Basitemporal plate'' (lamina parasphenoidalis), dorsoventral position with respect to the occipital condyle: ventral to the level of the condyle (0); at the level of the condyle (1); dorsal to the level of the condyle, surface depressed (2). Paraptenodytes, as all extant penguins, exhibits a depressed lamina parasphenoidalis (state 2).
Character 87: Basipterygoid process: absent (0); vestigial or poorly developed (1); well developed (2). Paraptenodytes, as all penguins, lacks a basipterygoid process (state 0). Each side of the rostrum parasphenoidale, where the basipterygoid process would be located if present, is well preserved in AMNH 3338, so the absence of this process could be established positively (fig. 4) . Simpson (1946) commented on the presence of an anterior medial facet (his pseudo-basipterygoid facet; see description above). Character 89: Pterygoid (os pterygoideum), shape: elongated (0); broad, triangular-shaped (1). Unlike any other penguin for which the pterygoid is known, Paraptenodytes exhibits an elongated, approximately cylindrical pterygoid (state 0; fig. 7 ). Penguins in extant genera possess a pterygoid with a wide bladelike rostrolateral flange (state 1). Simpson (1946) emphasized the distinctiveness of this bone in Paraptenodytes, much like the pterygoid of procellariiforms (most of our outgroup taxon set).
Character 96: Quadrate, otic process (os quadratum, proc. oticus), ventral border, process for attachment of the m. adductor mandibulae externus, pars profunda (Hofer, 1950) : absent (0); present as a ridge (1); present as a tubercle or short process (2). The process is located on the rostrolateral surface of the otic process of the quadrate, immediately ventral to the squamosal articulation (capitulum squamosum). The right quadrate of Paraptenodytes exhibits a prominent, hooklike process (state 2; fig. 8 ).
Character 100: Mandible, caudal fenestra (mandibula, fenestra mandibulae caudalis): open, can be seen through from the medial or lateral aspects (0); nearly or completely concealed by the os spleniale medially, that is, fenestra not visible in the medial aspect (1). The preserved (left) mandibular body of AMNH 3338 ( fig. 11) shows a distinct mandibular fenestra (state 0).
Character 104: Mandible, articular, medial process (os articulare, proc. medialis mandibulae): not hooked (0); hooked (1). The process is curved rostromedially in all extant penguins. As Simpson (1946) noted, Paraptenodytes lacks a hooked process ( fig. 10 ).
Character 105: Mandible, angular, retroarticular process (mandibula, os angulare, proc. retroarticularis), aspect in dorsal view in relation to the articular area with the quadrate (area between the lateral condyle [condylus lateralis] and medial condyle [condylus medialis]): broad, approximately equal to the articular area (0); moderately long, narrower than the articular area (1); very long, longer and narrower than the articular area (2). Paraptenodytes exhibits a broad retorarticular process (state 0) that Simpson (1946) deemed similar to Pygoscelis (fig. 10) . The outgroup taxa lack retroarticular process altogether (see character 106) , and therefore were coded as noncomparable.
Character 106: Mandible, angular (mandibula, os angulare), aspect in dorsal view: sharply truncated caudally (0); caudally projected, forming the retroarticular process (proc. retroarticularis) (1). In Paraptenodytes, as in all penguins, the angular projects caudally, forming a retroarticular process (state 1), whose variation in shape was discussed in character 105 ( fig. 10 ). This character supports the monophyly of Sphenisciformes.
Character 107: Mandible, caudal fossa (mandibula, fossa caudalis): shallow (0); deep (1) . In Paraptenodytes, the caudal fossa of the mandible is shallow (state 0).
Character 108: Atlas (atlas), proc. ventralis corporis: absent or sligthly developed (0); well developed, high with a prominent ridge (crista ventralis corporis) on the ventral surface of the corpus atlantis (1). Paraptenodytes clearly exhibits character state 1 ( fig. 12 ) and shares it with Aptenodytes (and Gavia among the outgroup taxa), as noted by Simpson (1946) .
Character 120: Coracoid, foramen nervi supracoracoidei: present (0), absent (1). This character was described by Mayr (2005) , who discussed the homology of the conditions present in penguins and outgroup taxa. As in extant penguins, the foramen is absent in Paraptenodytes (fig. 16 ).
Character 122: Forelimbs (ossa alae), strongly flattened: absent (0); present (1). The humeri of AMNH 3338 are similar to those of other penguin forms, that is, strongly flattened (state 1; fig. 17 ).
Character 123: Humerus, aspect of pneumatic fossa (humerus, fossa pneumotricipitalis): small with pneumatic foramina (0); without pneumatic opening, moderate size (1); without pneumatic opening, great size and deep fossa (2). All penguin taxa, including Paraptenodytes, show a large pneumatic fossa without pneumatic opening (state 2; fig. 18 ).
Character 124: Humerus, head (humerus, caput humeri) large and reniform in shape, ventrally directed: absent (0); present (1). The shape of the humerus head in Paraptenodytes is typical of penguins (state 1, fig. 18 ).
Character 125: Humerus, pneumatic fossa (humerus, fossa pneumotricipitalis) subdivision into cavities: undivided (0); divided (1) . In the previous analysis of this character, Bertelli and Giannini (2005) considered three states for the conditions observed in the pneumatic fossasingle, partially divided, and bipartite. The intermediate state was present only in Fig. 12 . Atlas (A) and 11th cervical vertebra (B) of Paraptenodytes antarcticus (AMNH 3338) in cranial aspect. Abbreviations: aa, arcus atlantis; an, ansa costotransversaria; cvc, crista ventralis corporis; dens axis; fc, fossa condyloidea; fcr, facies articularis cranialis; ftr, foramen transversarium; fv, foramen vertebrale; if, incisura fossae; pac, processus articularis caudalis; pvc, processus ventralis corporis; zcr, zygapophysis cranialis. Scale bars 5 1 cm.
Eudyptula minor. We reconsidered this coding and included just two states, the presence/ abscence of a divided pneumatic fossa. Paraptenodytes, as noted by Simpson (1946) , lacks a distinct division of the pneumatic fossa in either the left or right humerus, and therefore it was scored 0 ( fig. 18) . costotransversaria; ct, crista transverso-obliqua; fc, fovea cranioventralis; fcd, facies articularis caudalis; fcr, facies articularis cranialis; ftr, foramen transverasrium; pc, processus caroticus; pco, processus costalis; pp, processus postlateralis; ps, processus spinosus; pt, processus tranversus; td, torus dorsalis; zcd, zygapophysis caudalis; zcr, zygapophysis cranialis. Scale bars 5 1 cm. Character 126: Humerus, development of dorsal supracondylar process (humerus, proc. supracondylaris dorsalis): absent (0); compact tubercle (1); very long process (2). Paraptenodytes shares with all extant penguins the lack of supracondylar process (state 0; fig. 17 ).
Character 127: Humerus, deltoid crest, area of attachment of pectoral muscle (humerus, crista deltopectoralis, impressio m. pectoralis): shallow groove (0); deep, oblong fossa (1). The left and right humerus heads are preserved in AMNH 3338. As in extant penguins, the impression for the attachment of the pectoral muscle in Paraptenodytes is a deep fossa (state 1; fig. 17 ).
Character 128: Humerus, distal end, ventral border with ''trochlear process'' (caudalmost crest at the epicondylus ventralis caudally bordering the sulcus humerotricipitalis): present (0); absent (1). Paraptenodytes exhibits a trochlear process, a feature diagnostic of penguins (state 1; fig. 17 ).
Character 129: Humerus, proximalmost ''trochlear process'': extends beyond the humeral shaft (0); does not extend beyond the humeral shaft (1). The proximal trochlear process does not extend beyond the humeral shaft in Eudyptula and Spheniscus (state 1) and in Paraptenodytes. In the remainder of extant genera, the proximal trochlear process does extend beyond the humeral shaft (state 0; fig. 17 ). acromion; cc, capitulum costae; fah; facies articularis humeralis; ict, incisura capitulotubercularis; ic, incisura intercostalis; pc, processus costalis; tc, tuberculum costae. Scale bars 5 1 cm. Fig. 16 . Coracoideum of AMNH 3338, right in dorsal view (A) and left in ventral view (B). Abbreviations: cs, cotyla scapularis; fc, facies articularis clavicularis; fh, facies articularis humeralis; fs, facies articularis sternalis; ila, impressio lig. acrocoracohumeralis; ims, impressio m. sternocoracoidei; ml, margo lateralis; pp, processus procoracoideus; smc, sulcus m. supracoracoidei. Scale bars 5 1 cm.
Character 138: Tarsometatarsus: slender, proximodistal length much greater than mediolateral width (0); very stout, mediolateral width nearly equal to proximodistal length (1) . In AMNH 3338, the left and right tarsometatarsus are not complete. However, the preserved parts ( fig. 21 ) permit a positive scoring of Paraptenodytes, which exhibits a typical sphenisciform tarsometatarsus (state 1).
Character 139: Tarsometatarsus, blood vessel foramen located on fossa para hypotarsalis medialis: absent (0); present (1) . Both the left . Abbreviations: cb, crista bicipitalis; cd, condylus dorsalis; cdt, crista deltopectoralis; ch, caput humeri; cv, condylus ventralis; fn, fossa pneumotricipitalis; ht, sulcus humerotricipitalis; ic, incisura capitis; icb, impressio supracoracoideus; ico, impressio coracobrachialis; st, sulcus lig. transversus; sth, sulcus scapulotricipitalis; tc, ''caudal trochlear process''; tcr, ''cranial trochlear process'' td, tuberculum dorsale; (cranialmost processlike crest at the epicondylus ventralis); tm, medial trochlear process; tv, tuberculum ventrale. Scale bars 5 1 cm.
and right tarsometatarsus of AMNH 3338 lack this vascular foramen (state 0; fig. 21 ).
Character 140: Tarsometatarsus, medial proximal vascular foramen (foramina vascularia proximalia): absent (0); present (1). The proximal foramen opens lateral to medial crest (crista medialis hypotarsi). The left and right tarsometatarsus of AMNH 3338 exhibit this foramen visible in the plantar side (state 1; fig. 21 ).
Character 141: Tarsometatarsus, hypotarsus, tendinal canals (hypotarsus, canales hypotarsi): present (0); absent (1). All penguins, including Paraptenodytes, lack tendinal canals in the proximal end of the tarsometatarsus (state 1; fig. 21 ).
Character 142: Tarsometatarsus, tuberositas m. tibialis cranialis: flat (0); raised (1) . A raised tuberositas tibialis is present in all penguins (state 1) except Aptenodytes (state 0). AMNH 3338 shows a raised tubercle in both the left and right tarsometatarsus ( fig. 21 ).
TOPOLOGIES
The analysis including only the osteological characters initially resulted in 425 most parsimonious trees; an extra TBR round on optimal trees elevated this number to a total of 2004 equally optimal trees at 148 steps (strict consensus in fig. 22 ) The consensus recovered Procellariiformes (unresolved) and Sphenisciformes, but overall resolution and support was poor. Absolute Bremer support values (hereafter ABS) were low, as ABS 5 2 in all resolved nodes (calculated on the basis of a sample of 16,000 suboptimal trees). Paraptenodytes antarcticus was the sister to and caudal (B) aspects; distal end of the left side in cranial (C) and caudal (D) aspects. Abbreviations: cl, condylus lateralis; cm, condylus medialis; csm, crista supracondylaris medialis; ct, crista trochanteris; ctb, crista tibiofibularis; faa, fascies articularis antitrochanterica; fac, facies articularis acetabularis; flc, fovea lig. capitis; fp, fossa poplitea; ia, impressio ansae m. iliofibularis; ilc, impressio lig. cruciati cranialis; ili, impressiones iliotrochantericae; io, impressiones obturatoriae; si, sulcus intercondylaris; sp, sulcus patellaris; tf, trochlea fibularis. Scale bars 5 1 cm. all extant penguins. Eudyptula, a monophyletic Spheniscus, and a clade containing the remaining genera formed a trichotomy. Within the last group, two clades appeared, one including Pygoscelis papua, a clade containing the other two species of Pygoscelis, and Aptenodytes, and another clade formed by Megadyptes and Eudyptes. Relationships within the polytypic genera were unresolved.
The analysis including all nonmolecular characters (morphological and behavioral traits) yielded two optimal trees of 393 steps (strict consensus in fig. 23 ). The tree was almost fully resolved, the consensus showing and right (D) side in plantar aspect. Abbreviations: cl, crista lateralis hypotarsi; cm, crista medialis hypotarsi; ctl, cotyla lateralis; ctm, cotyla medialis; em, eminentia intercotylaris; fv, foramina vascularia proximalia; il, incisura intertrochlearis lateralis; ilc, impressio lig. collateralis lateralis; im, incisura intertrochlearis medialis; ir, impression retinaculi extensorii; se, sulcus extensorius; tmt, tuberositas m. tibialis cranialis; t2, trochlea metatarsi II; t4, trochlea metatarsi IV. Scale bars 5 1 cm. just a trichotomy within Spheniscus. Within procellariiforms, albatrosses formed a clade sister to all other procellariforms. In the latter clade, the successive sister groups were Macronectes, Daption, and a clade formed by shearwaters (Procellaria + Puffinus), Pterodroma, and a group composed of an oceanitid clade (Oceanites + Oceanodroma) and a composite clade including the prion Pachyptila and the diving petrel Pelecanoides. In the penguin subtree, Paraptenodytes was the sister of all extant forms, Spheniscidae (sensu Clarke et al., 2003) . The topology within Spheniscidae is the same as that recovered by the morphological analysis of Bertelli and Giannini (2005) . Eudyptula + Spheniscus form the sister group to a clade containing the remainder of the genera. The latter clade is split into two groups, one including Aptenodytes and Pygoscelis, the other including Megadyptes and Eudyptes. In Spheniscus, the Pacific forms S. humboldti and S. mendiculus grouped together. Within Pygoscelis, P. antarctica was sister to the other two species. Eudyptes pachyrrhynchus was sister to the other congeners, and successive sister groups were (E. robustus + E. sclateri), (E. chrysocome chrysocome + E. chrysocome moseleyi), and (E. chrysolophus + E. schlegeli). ABS values, calculated from a sample of 10,520 suboptimal trees up to seven steps longer than the optimals, were higher for recovered genera (3 # ABS # 7) and for orders (ABS for Procellariiformes and Sphenisciformes 5 7). Relative Bremer support values (RBS) followed a pattern similar to absolute Bremer values; that is, backbone nodes exhibited the highest conflict (RBS as low as 23), recovered genera (RBS $ 40) and Sphenisciformes (RBS as high as 100) the lowest conflict.
The combined analysis (molecular + nonmolecular data) yielded two trees of 2329 steps (strict consensus in fig. 24 ). Procellariiformes and Sphenisciformes were monophyletic. The former clade was fully resolved; the successive sister clades recovered were Oceanitidae, Diomedeidae, (Pterodroma + Puffinus), (Pachyptila + Pelecanoides), Procellaria, and the fulmarine petrels (Daption + Macronectes). Support values were moderate to high (4 # ABS # 17), except for the sister group to Oceanitidae (ABS 5 1). The penguin subtree was fully resolved except for a trichotomy in Spheniscus. Paraptenodytes appeared as sister to all extant forms. Successive sister groups within the crown group of extant penguins were Aptenodytes, Pygoscelis, and clade E of Bertelli and Giannini (2005) , composed of (Eudyptula + Spheniscus) and (Megadyptes + Eudyptes). Intrageneric relationships were as follows. Within Pygoscelis, unlike the nonmolecular analysis, P. adeliae was sister to the other two species. Relationships remained unchanged within Spheniscus and Eudyptes with respect to the nonmolecular analysis. Lowest support values occurred within Eudyptes (1 # ABS # 3). The backbone of the penguin subtree was moderately supported (4 # ABS # 5), taking into account the fact that this arrangement of suprageneric groups strongly contradicts the nonmolecular analysis. The conflict between the two trees reflects the differential rooting of the same basic network favored by the molecular (on Aptenodytes) and nonmolecular (on Eudyptula + Spheniscus) partitions, as discussed by Bertelli and Giannini (2005) . All genera were recovered and well supported (6 # ABS # 8).
DISCUSSION
Paraptenodytes antarcticus was placed in a subfamily of its own by Simpson (1946; Paraptenodytinae) , separate from all living forms. This hypothesis of relationships was supported by our analyses, given that Paraptenodytes appeared as sister taxon to a clade containing all extant genera. The inclusion of Paraptenodytes in morphological and combined analyses did not change the perceived relationships within Sphenisciformes from previous analyses (Bertelli and Giannini, 2005) . Neither the topology nor the support values of the penguin tree were seriously affected by the inclusion of this fossil. Furthermore, the topology of the extant clade is very similar (except for some clades within Eudyptes) to the one recovered by Baker et al. (2006) using nuclear and mitochondrial genes. These facts together contribute to a stable view of the relationships of extant penguins. P. antarcticus shares numerous synapomorphies with Spheniscidae, thereby reinforcing its well-established status as a typical stem penguin. This taxon also retains several plesiomorphic traits, both in the skull and the postcranium, whose alternative character states optimized as synapomorphies of extant penguins. Primitive features retained by P. antarcticus include a deep subcondylar fossa on the basioccipital (character : state 1), an elongated, unexpanded pterygoid (89:0), an unhooked medial process of the articular (104:0), and an undivided fossa pneumotricipitalis (125:0). P. antarcticus also possesses numerous autapomorphic features, including a distinctly bifid paraoccipital process, and dorsally extended temporal fossae that end squarely in the sagittal plane (Simpson, 1946) . Simpson (1972) included two other species in the genus Paraptenodytes: P. robustus and P. brokorbi. He provided the following diagnosis for the genus: humerus moderately elongate; shaft nearly straight and slightly narrower proximally; preaxial angle slight, distal and rounded; tricipital fossa deep and not bipartite; tarsometatarsus short and stout (ratio of length to proximal width approximately 2 or less); metatarsals strongly fused with two small, proximal intermetatarsal foramina. We examined a cast of the holotype of P. robustus (BMNH A591) and figures of P. brokorbi (Ameghino, 1905: pl. 5, fig. 29a+e ) in this study. The humerus of P. robustus is shorter and wider than that of P. antarcticus, but is otherwise similar to P. antarcticus, particularly in the straightness of the shaft. This species also possesses an undivided tricipital fossa and a large shelf adjacent to the ulnar condyle, but both features are seen in all Paleogene fossil penguins and almost certainly primitive for the clade. P. brodkorbi, however, shows marked differences from P. antarcticus and P. robustus, including a more angled shaft and a more well-developed preaxial angle. Therefore, P. brodkorbi lacks the most diagnostic characters of Paraptenodytes and probably belongs outside the genus. A rigorous test of the monophyly of the genus requires an expanded sampling of fossil taxa and characters and is beyond the scope of this paper.
CONCLUSIONS
The skull of Paraptenodytes antarcticus displays many unique features compared to extant penguins. Cladistic analyses incorporating all extant penguins and P. antarcticus place this taxon as the sister taxon to a clade including all living forms (Spheniscidae). Examining P. antarcticus in a phylogenetic framework reveals the order of acquisition of many penguin synapomorphies. The placement of this South American fossil as sister taxon to the Spheniscidae highlights the possibility of a Subantarctic, rather than Antarctic, origin of extant penguins. As the relationships of other fossil taxa are resolved, we will be better able to incorporate fossil data into biogeographical analyses. Although we were unable to include all named species of Paraptenodytes in our analysis, we strongly suspect the genus is nonmonophyletic. The inclusion of additional taxa in future analyses will enable finer resolution of the phylogenetic position of P. antarcticus relative to other fossil penguins and provide a basis for revision of the genus Paraptenodytes.
